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Taylor and FrancisCIJD_A_524428. gm10.1080/1034912X.2010.524428International Journal of Disability, Development and Education34-912X (print)/1465-346X (onlin )Original Article2 10 & Francis5740 0 00Decembe  2010Sin -K iLoskl@ied.e u.hk Using Rasch analysis, the psychometric properties of a newly developed 35-item
parent-proxy instrument, the Caregiver Assessment of Movement Participation
(CAMP), designed to measure movement participation problems in children with
Developmental Coordination Disorder, were examined. The CAMP was administered
to 465 school children aged 5–10 years. Thirty of the 35 items were retained as they had
acceptable infit and outfit statistics. Item separation (7.48) and child separation (3.16)
were good; moreover, the CAMP had excellent reliability (Reliability Index for item =
0.98; Person = 0.91). Principal components analysis of item residuals confirmed the
unidimensionality of the instrument. Based on category probability statistics, the
original five-point scale was collapsed into a four-point scale. The item threshold
calibration of the CAMP with the Movement Assessment Battery for Children Test was
computed. The results indicated that a CAMP total score of 75 is the optimal cut-off
point for identifying children at risk of movement problems.
Keywords: assessment; Developmental Coordination Disorder; home contexts; 
movement coordination; parent-proxy; participation; Rasch analysis; rating scale; 
screening instrument; test construction
Introduction
Developmental Coordination Disorder (DCD) in children is defined as marked impairment
in the development of motor coordination (American Psychiatric Association, 1994). Four
diagnostic criteria are routinely indicated: (i) the child’s motor performance is substantially
below what is expected; (ii) the disturbance significantly interferes with academic achieve-
ment or activities of daily living; (iii) the disturbance is not due to other medical conditions;
and (iv) it excludes intellectual disability with an intellectual quotient (IQ) score less than
70 on a standardised IQ test.
However, in order to derive a confirmed diagnosis, the child might need to go through
a considerable number of costly and time-consuming procedures before proper intervention
can be initiated. First, the caregiver needs to be convinced about their child’s apparent
movement problems enough to take their child for further medical consultation. In order to
do that, the medical practitioner will need to check for neurological soft signs to support the
decision for further clinical testing (Fellick, Thomson, Sills, & Hart, 2001). Yet in many
cases of children having DCD, neurological signs and symptoms are often discrete. The
second American Psychiatric Association criterion denoting disturbance to daily living
*Corresponding author. Email: skl@ied.edu.hk
D
o
w
n
lo
ad
ed
 B
y:
 [
De
ak
in
 U
ni
ve
rs
it
y]
 A
t:
 2
2:
59
 1
0 
Ma
rc
h 
20
11
384  K. L. Tsang et al.
participation thereby becomes an essential evidential stepping-stone for early identification
of DCD (American Psychiatric Association, 2000).
Movement participation belongs to the third level of indications proposed in the
International Classification of Functioning, Disability, and Health framework of the
World Health Organization (2001). The three classes are: (1) neurological impairment
level assessed via neurological examinations by a medical practitioner; (2) activity limi-
tation level often assessed via standardised clinical testing by clinicians; and (3) partici-
pation restriction level assessed by observation reports and questionnaires by self or
caregivers. Accordingly, significant participation restriction in daily living movement
tasks for children having DCD might be held to imply deficits in the other two levels
where direct neurological or physical evidence is difficult to obtain via clinical means.
Such evidence might be best accomplished by a caregiver-proxy screening questionnaire
as caregivers are often the first ones to notice their child’s problems (Pless, Persson,
Sundelin, & Carlsson, 2001). Furthermore, assessment of movement problem behaviours
in multiple contexts (i.e., home, school, clinics) would increase the probability of accu-
rate diagnosis as children’s behaviour often varies from one context to another.
Currently, the lack of reliable and valid parent-proxy instruments to assess movement
participation problems presents significant obstacles to the appropriate screening of chil-
dren with DCD and a time delay for early intervention. Thus, the Caregiver Assessment
of Movement Participation (CAMP) is newly developed with an aim to measure the
underlying construct of movement participation problems for DCD that is operationally
defined by deficits in relevant daily living movement task items. It was designed to serve
as an objective screening device for children having movement participation problems at
home in order to alert healthcare professionals to the need for further clinical assessment
and to help to justify early intervention.
Rationales behind the Construct
Physical activity is the result of multiple influences that combine. It can arise from within
the individual’s internal or external context (Sugden & Chambers, 2005). Hence, the degree
of difficulty of a movement task can be influenced by the contextual variables of the task
performance.
A person’s ability to accurately estimate those contextual variables is essential for opti-
mal movement participation. In this research, movement participation is operationalised by
three types of contextual estimation: the estimation of sensory feedback given in any
specific task context, the estimation of the contextual change over time and the estimation
of environmental variation (Vetter & Daniel, 2000). In general, an individual gains contex-
tual information through sensory feedback. An individual must continuously assess the
probabilistic structure of both the environment and their own sensors, and combine these
two sources of information to estimate the current context in order to achieve accurate
movement coordination control.
In addition, the contextual variables continually evolve over time. Estimation problems
arise when bodily sensors are distracted by noises, are time-delayed, or are not coordinated
enough to provide complete information about the performance context. While task char-
acteristics such as relative time structures and movement sequencing of an action are rela-
tively fixed and common from trial to trial, task parameters such as force, duration, and
movement amplitude often change incidentally during performance (Schmidt, 1975). As
examples, the distance of the incoming ball keeps changing by millimetres as it approaches,
as does the trajectory of the racket as the child tries to hit the ball; the force control needed
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in grasping a kettle handle changes as the hot tea continues to pour out of the kettle, decreas-
ing the weight of the kettle during each millisecond.
Furthermore, there are often a number of external stimuli that operate while participants
are interacting with the environment in a specific context. Some stimuli are relevant and
specific to the task context while others are irrelevant and distracting. Experiments have
indicated that changing either the task-relevant intentional stimuli or seemingly task-
irrelevant features can impair performance (Shea & Wright, 1995). Either the global
sequence representation of the task features is impeded by memory, or the changed context
causes participants to strategically inhibit sequence skills (Jiménez & Méndez, 1999;
Jiménez, Vaquero, & Lupiánez, 2006). When, during a movement task performance, partic-
ipants need to attend to several stimuli at the same time, they can no longer rely on their
automatic implicit skills. Rather, they need to reassess the task in relation to its immediate
dynamic environment, while inhibiting automatic sequential skill execution processes
(Elger & Willem, 2008). For example, freely beating a moving drum is much easier than
beating the same drum synchronised with music as the participant needs not only visual–
kinesthetic coordination but auditory–visual–kinesthetic coordination as well. Hence, any
environmental context can be organised into static versus dynamic, and single versus
multiple sensory-motor coordination.
Aim and Objectives
The principles underlying the scale construction in this study are the following: (1) as
successful daily living movement task performance involves considerable motor coordina-
tion, DCD reveals itself as a significant reduction in movement participation in daily living
activities in home contexts; (2) it is easier to perform static movement tasks than dynamic
movement tasks; (3) it is easier to perform a single sensory-motor coordination task than a
multiple sensory-motor coordination task; (4) the more unpredictable the environmental
context, the more sensory-motor coordination will be required from the participant; and (5)
significant movement participation problems for children with DCD will be revealed in
common daily living movement tasks that typically developing children usually perform
with ease.
The CAMP was therefore designed as a caregiver-proxy questionnaire to screen for
problems of movement participation by children with DCD aged between about five and
10 years in daily living contexts. The purpose of this study was to investigate the psycho-
metric properties of the CAMP, with the following foci in particular: 
(1) Are the items measuring what they are intended to measure (i.e., movement partic-
ipation problems in daily living tasks)?
(2) Do the items constitute a unidimensional test so that a single total score can be used
to summarise movement participation problems?
(3) What are the measurement properties of the construct, movement participation, as
defined operationally by the 30 CAMP items?
(4) Is the one to five rating scale appropriate for screening purposes?
(5) Is it possible to identify an optimal cut-off score for screening children who
potentially have DCD?
Method
An initial pool of 76 potential items was developed, consisting of descriptions of movement
participation problem behaviour that most children with DCD are found to have when
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performing movement tasks at home. The item content was constructed based on a review
of relevant DCD literature (e.g., Biggs, 2005; Kranowitz, 2003; Schoemaker et al., 2001;
Wilson, Maruff, Ives, & Currie, 2001; Wright & Sugden, 1996), followed by a content
review conducted with a focus group of caregivers of children with DCD, an experts’
review and a pilot study at two schools in which caregivers of 60 children participated.
Based on the feedback of the content review and results of the pilot study (Tsang, Stagnitti,
& Lo, 2010), the 76-item CAMP was revised into a 35-item instrument with five response
categories. It is this instrument that is the subject of this investigation. Only end-point cate-
gories were defined in the 35-item CAMP so that the respondents knew what the extreme
rating categories represented (the rating category of one indicates “behaviour rarely seen”
and a rating category of five indicates “behaviour frequently observed”). Higher total
scores indicated more movement participation problems observed by the caregiver.
Participants
Participants were recruited from September 2006 to January 2007 from a convenience
sample of 465 children (192 females and 273 males) aged 5–10 years (94 children aged five
to six, 241 aged seven to eight, 130 aged nine to 10; attending two regular [i.e., mainstream]
primary schools and two kindergartens in Hong Kong: Year K.3 = 30, Year P.1–2 = 236,
Year P.3–4 = 199). The inclusion criteria for the school samples were: no known sensory,
motor, neurological or intellectual impairment, in compliance with the diagnostic criterion
adopted by the American Psychiatric Association and World Health Organization
(American Psychiatric Association, 1994); aged between five and 10 years; and currently
in regular primary schools from Grade 1 to Grade 4, or in the last year of Kindergarten. Chil-
dren who were found to have any past medical history of other neuro-developmental diag-
noses such as attention-deficit disorder, autism, cerebral palsy or intellectual disability, as
reported by their caregivers in the CAMP questionnaire, were excluded.
Procedure
Ethical clearance was obtained from the Human Ethics Committee of Deakin University,
Melbourne, Australia prior to data collection. All of the participants’ caregivers signed an
informed consent form prior to participation in the study and then completed the 35-item
CAMP with the rating scale of one to five. In order to determine the presence or absence
of DCD, a convenient sub-sample of 89 children was also administered the Movement
Assessment Battery for Children (MABC) Test (Henderson & Sugden, 1992), an interna-
tionally accepted professional diagnostic test of DCD. The test was administered by a
licensed occupational therapist. Each administration took about 30 minutes for each
child.
The MABC Test contains eight item tasks for each of four different age bands (i.e., four
to six years, seven to eight years, 9–10 years, and 11–12 years of age), including three items
that assess manual dexterity, two items that assess ball skills, and three items that assess
static and dynamic balance. The battery has been standardised, providing norms for chil-
dren 4–12 years of age in four age-related item sets. Children can score between 0 and 5 on
each item, so that the total score will range from 0 to 40, with increased impairments asso-
ciated with the higher scores. A lower total impairment score represents a better movement
performance outcome. It is interpreted in terms of age-related percentile norms, with a typi-
cal cut-off score at the 15th percentile for children at-risk of motor difficulties and at the
fifth percentile for those with definite motor difficulties (Henderson & Sugden, 1992).
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Data Analysis
Data collected were examined to investigate the extent to which the psychometric proper-
ties of the CAMP fit the Rasch model. The analysis was performed using WINSTEPS
Version 3.66 (Linacre, 2008).
Initially, a 5-point Likert scale was used for the CAMP to indicate increasing levels of
deficient movement participation in home contexts. Conventionally, these responses were
added across all items to give a total score so that a child with a higher total score was
deemed to have demonstrated more movement participation difficulties. Four categories
fitting Rasch principles were employed to analyse the appropriateness of the 1 to 5 rating
scale: (1) the distinctness of the category thresholds; (2) the uniformity of the category
frequencies; (3) the monotonicity of the average measures; and (4) the fitness of the cate-
gory statistics (Bond & Fox, 2007). Category thresholds refer to the step calibrations, which
are the difficulties estimated for choosing one response category over another. It should
increase monotonically by at least 1.4 logits but less than 5, with each step to show a
distinction between categories (Linacre, 1999). The distances between adjacent threshold
estimates should neither be too small nor too great. Category frequencies indicate how
many respondents chose a particular response category, summed for each category across
all items. The distribution of responses across all categories as reflected by its category
frequency allows researchers to examine the use of the rating scale (Bond & Fox, 2007).
When a certain rating category is infrequently used or the pattern of frequency distribution
across all the rating categories is not uniform, categories can be collapsed to decrease noise
or increase clarity of the definition of each rating category. Average measures are the aver-
age of ability estimates, or logit scores, calculated across all persons in the sample who
chose that particular response category (Linacre, 1995). When the average measures
increase monotonically, it indicates that, on average, those with stronger attributes endorse
the higher rating categories, whereas those with weaker attributes endorse the lower rating
categories. Any violations in the monotonic pattern can be a signal to collapse the rating
categories.
Item fit statistics were employed to investigate the extent to which the observed item
characteristics match the predictions of the Rasch model for measurement. The goodness-
of-fit of each item is usually represented by the ratios of the observed scores over the
expected scores in terms of mean squared residuals (MnSq) and the standardised Z values
(ZSTD). Statistically, misfit items are set to have mean square indices of greater than 1.4
or less than 0.6, or the absolute value of ZSTDs is greater than +2 or less than −2 (Wright
& Linacre, 1994). Misfit items would be deleted in a stepwise manner until all remaining
items satisfied the goodness-of-fit criteria.
To examine the extent to which the CAMP items contributed to a unidimensional
construct, a principal component factor analysis was conducted on the residuals. The
CAMP was said to be unidimensional when the residuals for item–person interactions are
randomly distributed and uncorrelated with less than 5% of the variance explained by the
residuals (Chien & Bond, 2009).
The item quality for measuring movement participation problems was further analysed
by considering the item difficulty and the person ability simultaneously, using the item
threshold calibration on the same logit scale in the item map. The reliability of both the item
difficulty and person ability estimates was evaluated using the person/item reliability and
separation index. The person/item reliability refers to the consistency of person/item order-
ing as measured by the scale. It is analogous to Cronbach’s alpha and indicates the extent
to which a different set of items measuring the same construct would reproduce the
D
o
w
n
lo
ad
ed
 B
y:
 [
De
ak
in
 U
ni
ve
rs
it
y]
 A
t:
 2
2:
59
 1
0 
Ma
rc
h 
20
11
388  K. L. Tsang et al.
observed person scores. The item/person separation index indicates the number of distinct
strata into which the person sample can be divided, based on the items (Wright & Masters,
1982).
The common person linking between the CAMP and the MABC results was analysed
to guide the determination of a suitable cut-off point for the CAMP. This was done by plot-
ting item difficulties for the two measures against each other. The two measures were
regarded as measuring the same construct by the extent to which the person measures fell
within the 95% confidence bands (Bond & Fox, 2007).
Results
Appropriateness of the Rating Scale
Category Functioning
Rasch analysis was carried out on data from 465 school children whose caregivers
completed the CAMP. The response category structure for the 5-point response scaled
CAMP is summarised in Table 1 and represented graphically in Figure 1a. The “observed
averages” were found to be sufficiently close to the “expected” values; however, the
distance between categories 4 and 5 was insufficient – an insufficiency further indicated by
the low percentage of observed counts (4% for category 4 and 2% for category 5).
Figure 1. Category probability plot of the 35-item CAMP: (a) the one to five rating version; and (b) the one to four rating version.
Collapsing of Categories
Although the 1 to 5 rating scale increased monotonically in average measures (i.e., care-
givers of children with more severe movement participation problems endorsed higher
ratings to give higher total scores), the distances between thresholds 3/4 and 4/5 were
very small (0.38 logits) – signalling that respondents might not be able to distinguish
clearly the difference between a rating of 4 and a rating of 5. In Figure 1a, the
threshold estimates represented visually by the intersection of probability curves are −1.3,
−0.2, +0.3 and so on, respectively. The increase from the first threshold (between rating
categories 1 and 2) to the second threshold (between rating categories 2 and 3) was 1.1
logits (1/2 at −0.2 and 2/3 at −1.3) and the subsequent increase (2/3 threshold to 3/4) was
Table 1. Response category comparison between the 5-point and the 4-point rating scaled CAMP.
Category 
score
Observed 
count
% Observed 
average
Expected 
average
Infit 
MnSq
Outfit 
MnSq
Structure 
calibrationa
Category 
measure
Coherence 
M→C, 
C→M
1 8218 54 −2.56 −2.54 1.01 1.00 None (−2.56) 81%, 73%
2 3964 26 −1.40 −1.46 0.95 0.84 −1.24 –0.96 41%, 58%
3 1749 12 −0.69 −0.72 0.96 1.00 −0.25 +0.06 34%, 30%
4 662 4 −0.18 −0.14 1.04 1.20 +0.55 +1.00 31%, 16%
5 298 2 +0.17 +0.40 1.31 2.02 +0.93 (2.38) 84%, 5%
1 8218 54 −2.22 −2.20 1.01 1.01 None (−2.20) 81%, 74%
2 3964 26 −1.02 −1.08 0.95 0.84 −0.88 −0.58 41%, 58%
3 1749 12 −0.25 −0.26 0.99 1.05 +0.17 +0.62 35%, 34%
4 960 6 +0.38 +0.48 1.12 1.42 +0.71 (2.12) 73%, 13%
Note: aData in italics were referenced in the levels of item difficulty in Table 2.
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0.7, with increasingly blurred threshold differences, providing evidence that suggested
that collapsing the misfitting category 5 with the adjacent category 4 would probably
improve the scale’s measurement characteristics. For the remaining analyses, the CAMP
rating scale was therefore revised into a 1 to 4 rating scale combining responses to
category 4 with those to category 5.
Figure 1b and Table 1 summarise the response category structure of the revised 4-
response category CAMP, and show a well-functioning 4-category CAMP. Collapsing the
category 5 responses downward into category 4, as shown in Table 1, avoided the issue of
misfitting categories as the MnSq fit statistics of all four rating categories lie within an
acceptable range of +0.6 and +1.4 (Wright & Stone, 2004). The new category 4 included
the observed counts of 662 (former category 4) and 298 (former category 5) to give a higher
observed frequency of 6% (i.e., a total observed count of 960). These results imply that the
revised 4-category rating scale improved the category definition.
Item Fit and Dimensionality
Item Fit
As the first step in examining the dimensionality of the CAMP scale, we used the optimised
rating scale of 1 to 4. Item fit statistics for the normative school sample were evaluated
against the Rasch model’s expectations. In order to avoid the influence of outliers who
responded unexpectedly, Rasch person fit statistics were used to exclude temporarily the
responses for extremely misfitting participants. Those records with misfitting infit or outfit
MnSq statistics (i.e., >1.8) were temporarily excluded from the 1 to 4 scaled CAMP data
analyses as their responses might distort the analyses of item fit and unidimensionality for
the instrument. As a result, 31 (6.7%) person records were excluded for this purpose. Their
responses were included for all remaining parts of the study.
With those 31 misfitting person data strings excluded from this item fit and dimension-
ality analysis, misfitting items were removed stepwise from the item pool when their fit
statistics exceeded predefined limits (i.e., infit/outfit MnSq > 1.4, and/or ZSTD > +2). Item
25 referring to “bike riding” (Infit MnSq/ZSTD = 1.84/8.9; Outfit MnSq/ZSTD = 1.74/6.1)
Figure 1. Category probability plot of the 35-item CAMP: (a) the 1 to 5 rating version; and (b) the
1 to 4 rating version.
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and Item 5 “moving surfaces” (Infit MnSq/ZSTD = 1.31/3.0; Outfit MnSq/ZSTD = 1.40/
2.4) were removed first. Subsequent analyses showed the next misfitting item to be Item 26
“roughhousing” (Infit MnSq/ZSTD = 1.40/4.3; Outfit MnSq/ZSTD = 1.24/1.8); then Item
14 “fatigue easily” (Infit MnSq/ZSTD = 1.22/2.9; Outfit MnSq/ZSTD = 1.38/4.0) and Item
1 “often tripped” (Infit MnSq/ZSTD = 1.16/1.9; Outfit MnSq/ZSTD = 1.38/3.1) were
removed. Finally, item statistics showed that all remaining 30 items in the CAMP had their
MnSq < 1.4, revealing sufficient fit to the Rasch model (Table 2). The highest MnSq was
1.22 for Item 18 “handwriting”, while the lowest MnSq was 0.71 for Item 21 “skips steps”
and Item 33 “new action” (see Table 2).
Table 2 also reveals three items with ZSTD scores slightly higher than +2: Item 18
“handwriting” (Infit ZSTD = 3.1 and Outfit ZSTD = 2.6), Item 16 “organising schoolbag”
(Infit ZSTD = 2.3) and Item 6 “uses rackets” (Infit ZSTD = 2.1). Those items might be
considered under-fitting items (i.e., eliciting erratic responses), whereas five items yielded
ZSTD fit statistics of less than −2: Item 22 “ruler scissors” (Infit ZSTD = −2.4), Item 33
“new action” (Infit ZSTD = −4.0; Outfit ZSTD = −3.3), Item 30 “ball games” (Infit ZSTD
= −2.5), Item 19 “carrying” (Infit ZSTD = −2.1) and Item 21 “skips steps” (Infit ZSTD = −
4.6; Outfit ZSTD = −3.7) can be considered to be overfitting items. Their Guttman-like
response patterns performed more predictably than expected by the Rasch model. Given
that with a sample size larger than 400 ZSTD values tend to be inflated and MnSq values
tend to be depressed, these eight items were retained in the CAMP for further analysis
(Smith, 2000; Wright & Linacre, 1994).
Dimensionality
The dimensionality of the 30-item CAMP was further explored using principal component
factor analysis of the item/person residuals (Bond & Fox, 2007; Wright & Stone, 2004).
Measured in eigenvalue units, of the 60.4 total raw variance units in the observations, 30.4
units of variance (i.e., 50.4%) can be attributed to the CAMP; with 30.0 units (49.6%) unex-
plained, but scattered across a number of small clusters: only 2.5 units (4.2%) in the first
contrast, 1.9 (3.2%) in the second contrast and 1.7 (2.8%) in the third contrast, and so on.
In the absence of significant residual clusters, it is reasonable to infer that the CAMP is
unidimensional (i.e., without other meaningful dimensions).
Distribution of Item and Person Measures
Item Difficulty Calibration
From the CAMP’s summary statistics, it can be seen that the item difficulties ranged from
−1.38 to +0.91 with an item separation index of 7.48 and a reliability coefficient of 0.98.
The mean item measure was set at 0.00 (standard deviation (SD) = 0.64). The CAMP items
with the lowest difficulty estimates (from −1.38 to −0.77 logits, more than −1 SD below
mean) were Item 18 “handwriting”, Item 34 “tools everywhere”, Item 21 “skip steps” and
Item 35 “competitive games” (Table 2). The first two items refer to spatial organisation as
a person performs the tasks, while the latter two items refer to sequential tasks requiring
time estimation. The CAMP items with the highest difficulty estimates (from +0.83 to
+0.91 logits) included Item 13 “switching crayon”, Item 23 “hopping jumping” and Item 8
“putting pants” (Table 2). These items appear to be movement tasks focusing on the
interaction between the person and a relatively static environment. Typically, they require
mostly the accurate estimation of sensory feedback from the person more so than the
estimation of contextual change over time or that of environmental variation.
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Figure 2. The item–person map of the CAMP.
Person Ability Calibration
As seen in Figure 2, the person distribution extended from −5.97 logits (i.e., those who have
the least movement participation problems) to +2.27 (i.e., those who have the most move-
ment participation problems); the mean person ability was located at −1.97 logits (SD =
1.78). From the summary statistics, the person separation index was reported as 2.50 with
a reliability coefficient of 0.86. In general, the CAMP items target those persons who
perform higher than the mean person performance (i.e., those with more than average
movement participation problems in this sample). This outcome is consistent with the
design of the instrument, which aims to screen out the small portion of students having
Figure 2. The item–person map of the CAMP.
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DCD problems who should score high on the item hierarchy, whereas a normative sample
without DCD problems should score low.
Figure 3. The item–person threshold map of the CAMP.
Cut-off Point Determination
Item–Person Targeting
As seen in Figure 3, the CAMP item thresholds were calibrated against the person perfor-
mance data. Four zones are shown, in which Zone I contains all CAMP items that were
rated with a category response of 1 only. Zone II contains all CAMP items that were at the
first threshold of rating categories 1 and 2. Zone III contains all CAMP items that were at
the second threshold of rating categories 2 and 3. However, in between Zones II and III, a
transitional zone exists between the easiest items (i.e., level one items in Table 2) with a
category response of 2 or 3 and the more difficult items (i.e., level three or four items in
Table 2) with a category response of 1 or 2. For instance, Item 35 “competitive games”,
Item 21 “skips steps” and Item 18 “handwriting” that were rated 2 or 3 appear in the same
item difficulty range of −1.6 to −0.7 logits as Item 23 “hopping jumping”, Item 8 “putting
pants”, Item 28 “one foot” and Item 24 “clumsy sports”, which were rated 1 or 2. Likewise,
Figure 3. The item–person threshold map of the CAMP.
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Zone IV contains all the CAMP items that were at the third threshold of the rating catego-
ries 3 and 4. However, in between Zones III and IV, there is another transitional zone
between the easiest items (i.e., level one items in Table 2) with a category response of 3 or
4 and the more difficult items (i.e., level three or four items in Table 2) with a category
response of 2 or 3. For instance, Item 18 “handwriting”, Item 34 “tools everywhere” and
Item 21 “skips steps” that were rated 3 or 4 appear in the same item difficulty range of 0 to
+0.9 logits as Item 7 “break fall”, Item 24 “clumsy sports”, Item 2 “eating utensils” and
Item 3 “milk cartons” that were rated 2 or 3 (Figure 3).
It can be seen from Figure 3 that most CAMP items in Zones I and II target the majority
of the person performances in this normative school sample. Most caregivers with children
performing below −0.8 SD would choose a rating response of 1 or 2. From Zone III
upwards, reflecting the higher person (dis)ability (i.e., children with movement participa-
tion problems in this case), most caregivers rated those items with higher than +1 SD (at
+0.8 logits) as a category response of 2 or 3. At Zone IV, eight out of 89 (9%) children were
found to be rated by their caregivers with a response category of 3 or 4 for all CAMP items.
Figure 4. The CAMP cut-off point set at +0.80 logits.
Cut-off Point
The scatter plot in Figure 4 represents a pictorial comparison between the person
measures for each child as assessed on both the CAMP and the MABC (n = 89). The diag-
onal line (slope = 1) is drawn through the joint means of the CAMP and the MABC to
model exact measurement equivalence between the two scales, while the two curves mark
the boundary for the 95% confidence interval based on the combined standard errors for
each person location (Bond & Fox, 2007). The three marked regions are worthy of further
consideration.
Region A above the CAMP cut-line contains the children whose caregivers gave high
ratings to the DCD problems as seen by their CAMP scores. Conversely, region C to the
Figure 4. The CAMP cut-off point set at +0.80 logits.
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right of the MABC cut-line marks those children who were scored high on the MABC test.
More importantly, the region defined by the intersection of the two cut-lines should be
considered. The vertical MABC cut-off point line crossing the x axis marks the false-
negative boundary set by the MABC cut-off point, and the horizontal CAMP cut-off point
line crossing the y axis marks the false-positive boundary. The region A1 (above the CAMP
cut-line and to the left of the MABC cut-line) houses the false-positive cases: that is, their
caregivers rated them with higher CAMP scores – indicative of their more serious
movement problems – than indicated by their professionally-judged MABC scores. The
region A2 (below the CAMP cut-line and to the left of the MABC cut-line) houses the true-
negative cases whose CAMP and MABC scores were both low.
On the other hand, children whose locations fell within region C1 (to the right of the
vertical MABC cut-line but below the CAMP cut-line) could be regarded as false-negative
cases: that is, the professionally administered MABC test results identified these children
as having movement problems but their caregivers rated the children low on the CAMP
scores. In region C2 (left of the vertical MABC cut-line and below the CAMP cut-line) are
the true-negative cases as in region A2, while region B (to the right of the MABC cut-line
and above the CAMP cut-line) houses all the true positive cases who were rated above the
cut-off points for both tests.
We decided that the optimal cut-off point for the CAMP is at +0.80 logits (i.e., +1.5 SD
from the person mean) with a corresponding total CAMP score of 75. At this cut-off point,
there are two false-positive cases (2.2%) in A1 and one true-positive case (1.1%) in B
(Figure 4). At this CAMP cut-off point, all the CAMP items were rated at 3 or 4 by those
children’s caregivers.
Discussion
Convergent Validity
Deciding the optimal cut-off point for the CAMP is not a simple matter. If we choose a more
conservative criterion of a higher CAMP cut-off point, fewer children without DCD (true-
negative cases) will be advised to seek further professional assessment. But by the same
token, fewer children having DCD (true-positive cases) will be identified by the screening
test and more will miss getting an early referral for a proper diagnosis and a subsequent
follow-up by a medical team. Conversely, if the CAMP cut-off point is too lenient, more
children without DCD will be mistakenly identified as having DCD (false-positive cases)
and will be referred for further professional assessment, leading to unnecessary medical
consultation costs; but on the other hand, more children having DCD will be identified by
the CAMP and will be able to seek early diagnostic and intervention services.
As the prime purpose of the CAMP is to screen children at risk of having DCD so that
professional assessment and intervention can be provided as early as possible, it is best that
false-positive cases are avoided. So the optimal cost-effective cut-off point of 75 (i.e., +0.8
logits) is recommended. This cut-off point will maximise true-positive cases and minimise
false-positive cases. This CAMP cut-off point means that most of the true negative cases
(as seen by the majority of the person data in regions A2 or C2) can be identified. That is,
both the CAMP and the MABC identify the same true negative cases, whereas the true
DCD cases identified by one test were not identified by the other.
By inspecting the individual case profiles in regions C1 and A1, we found that most
children in C1 (false negative cases) had high scores in the MABC subscale of ball skills
that occupied 25% of the MABC total scores (i.e., two out of eight test items). In contrast,
there were only 10% (i.e., three items out of 30 items) in the CAMP that assessed
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ball-related skills (i.e., Item 6 “uses rackets”, Item 24 “sport games” and Item 30 “ball
games”). The rest of the MABC items were related to assessing dexterity and balance.
There are three CAMP items (10%) that were related to the assessment of balance skills
(i.e., Item 8 “putting pants”, Item 23 “hopping jumping” and Item 28 “one foot”); and two
items (6.67%) that were related to unilateral dexterity skills (i.e., Item 18 “handwriting” and
Item 20 “copying textbook”). The rest of the CAMP items (73.3%) were related to other
skills. Item 3 “milk carton”, Item 11 “pouring drink” and Item 17 “key sharpener” were
related to the grasping control skills reflecting the degree of the child’s kinesthetic process-
ing abilities. That is, the child has to adjust the degree of grasp strength used during the
performance process for the different kinds of tasks (i.e., opening the milk carton, holding
the jug handle or turning the key). The kinesthetic feedback modifies continuously as the
resistance of the carton, the weight of the jug or the friction of the sharpeners’ blades
changes during the performance process. Item 25 “clapping rhythm” and Item 33 “new
action” were related to bilateral body coordination in space and time since the child has to
coordinate the body movement according to the clapping rhythm or the spatial orientation
of the action task. Item 19, “carrying multiple” and Item 21 “skips steps” were more related
to organisation skills used when the child has to interact with and manage multiple contex-
tual variables, such as ordering the sequence of the steps, and attending to several bodily
locations in order to carry several objects at the same time.
From this finding, it is clear that the range of deficient movement participation skills
that are due to the impact of DCD and that the CAMP aimed to capture is different from
those assessed by the MABC. For instance, referring to the case with coordinates (1.04, −
0.49) in C1 in Figure 4, the child had a MABC ball skills raw score of 10 (below the fifth
percentile and therefore indicative of definite movement problems) but was scored category
2 in Item 6 “uses rackets”, category 1 in Item 24 “sport games” and category 2 in Item
30 “ball games” with an overall CAMP score of 62. Thus, there seems to be a mismatch
between the caregiver’s evaluations and the professional judgement. One possible reason
to explain such a discrepancy is the lack of opportunities for caregivers to observe their
children playing ball games at home as most families live in confined apartments that are
not conducive to outdoor activities. This may account for some of the discrepancies found
in identifying true DCD cases by using the two instruments.
As the MABC is meant for clinical use by professionals as a criterion-referenced test,
it consists of an item bank of individual, isolated skills, using reaction time and accuracy as
outcome measures or criteria for scoring specific test items. In comparison, the CAMP is
designed to capture movement participation problems encountered by children having
DCD at home. Its items are not confined to clinically testable tasks but extend to include
multiple daily living skills in real-life home contexts. Its scoring criteria are based on the
frequencies of the observed behaviours. Therefore, rather than demonstrating a convergent
relationship, the two instruments measured the construct of DCD from different perspec-
tives yet in ways that are complementary to each other.
The differences found in the two instruments might be due to informant differences, as
judgements from multiple informants rarely agree (Synhorst, Buckely, Reid, Epstein, &
Ryder, 2005). The MABC is used by qualified habilitation professionals and the CAMP is
assessed by caregivers. Nevertheless, data obtained from multiple sources provide a
broader understanding of a child’s functioning and therefore the collection of data from
multiple sources should not be discouraged. That is why the CAMP is designed to assist in
early screening and not as a substitute for professional measures. Last, but not least, the
small sample size (four out of 89 children) of DCD cases identified by the MABC itself
(i.e., region C1) provided only limited opportunities to check the sensitivity of the CAMP.
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Construct Validity
The item–person map (Figure 2) generally shows that the three contextual variables were
combined to form the item difficulty. Although there was a general trend that the more
sensory feedback-related items (e.g., Item 13 “switching crayon” and Item 8 “putting
pants”) tended to cluster higher in the task hierarchy, and that the environmental (e.g.,
Item 4 “bump furniture” and Item 29 “cutting folding”) and spatial–temporal coordination
items (e.g., Item 25 “clapping rhythm” and Item 30 “ball games”) seemed to intermingle
lower in the hierarchy, there was no apparent evidence from the item–person calibration
analysis that the three aspects of movement participation presented a hierarchical relation-
ship. Rather, the results tended to suggest that movement participation tasks can be
divided into two groups: interaction within a bodily context and interaction within an
environmental context. As every movement participation task requires spatial–temporal
coordination of some sort, we conclude that the most parsimonious way to measure the
construct of movement participation is to associate it with a conceptual model that
includes just the two aspects of contextual interactions; namely, bodily interaction and
environmental interaction.
This suggestion is consistent with Gentile’s (1972) classification of a movement task
based on its regulatory and non-regulatory context conditions. Bodily interaction can more
readily be assessed in a regular static context while environmental interaction is better
assessed within the irregularity of the task context. This is similar to Schmidt’s (1975)
schema theory that has suggested that a task can be classified according to its invariant and
variant features. Invariant features are relatively fixed and common from trial to trial, and
include relative time structures and movement sequencing of an action. Variant features
that can be changed during performance were referred to as parameters (Schmidt, 1975).
They include force, duration, and movement amplitude. Magill (2007) suggested that the
construct could be viewed as either an open or a closed motor task. An open motor task
involves a non-stable and unpredictable environment where the environment determines
when to begin the action, whereas a closed motor task is performed in a stable or predictable
environment where the performer determines when to begin the action.
Hence, results of the item–person calibration confirm the postulate that physical
activity is a combination of multiple influences (Sugden & Chambers, 2005). The CAMP
was able to identify a set of movement skills at home that captured important aspects of
movement participation problems encountered by children with DCD. However, these
items were derived empirically and their links with the theoretical framework of motor skill
acquisition appear to be weak. Subsequently the results do not support the proposed three-
faceted operational definition of movement participation that organises the construct into
the three aspects of contextual estimation: the estimation of sensory feedback given in any
specific task context, the estimation of the contextual change over time and the estimation
of environmental variation.
Response Categories
Providing a larger number of response alternatives might be intuitively appealing to survey
writers, but having too many response options often muddles the definition of the variable
in question in the eyes of the respondents (Chang, 1994). In addition, providing definitions
for end-point categories only contributed further to the confusion. A distinct definition for
each rating category is suggested so that the respondents know exactly how each rating
category differs from the other categories. So for the four possible responses to each item
in the instrument, we suggest labelling the rating categories as: 1 = “almost never
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observed”, 2 = “seldom observed”, 3 = “sometimes observed” and 4 = “frequently
observed”.
Implications for Practice
The results for establishing construct validity of the CAMP imply that tasks which require
simultaneous spatial and temporal interactions are the most challenging for all children, and
sensory feedback is a pre-requisite to all fundamental movement tasks, regardless of how
much spatial or temporal coordination is required. Since both children with and without
DCD would find movement tasks involving spatial–temporal coordination challenging,
movement tasks that are highly reliant on sensory feedback are more crucial discriminatory
items for screening children that have movement participation problems. Most children will
have fully developed sensory processing and be proficient in using the sensory feedback
mechanism for movement performance by the age of five. Therefore they would not find
movement tasks that require primarily sensory feedback difficult to master. For instance,
by age five a typically developing child will have developed consistency in using a
dominant hand to colour and will not be observed switching a crayon between hands while
drawing (Item 13 “switching crayon” at level four in Table 2). So attention should be given
to those children who are rated high (i.e., a rating response of 3 or 4) on items that require
primarily sensory feedback (e.g., Item 23 “hopping jumping” and Item 8 “putting pants”)
as these would be very important signals for the existence of possible movement participa-
tion problems for the child.
Referring to the item–person threshold map (Figure 3), the majority of the children
would find items that rely primarily on the integrity of sensory feedback easier than the
other items and, therefore, would be rated lower (a category response of 1 or 2) on
those items; while movement tasks that demand more spatial–temporal coordination
would be more difficult and, therefore, on these items children would be rated higher (a
category response of 2 or 3). On the other hand, another hypothetical child at risk of
DCD who performs at or above the recommended CAMP cut-off point of +0.8 logits
would probably be rated 3 or 4 for all CAMP items, including both the items that
involve primarily sensory feedback and spatial–temporal coordination. Hence, higher
than average ratings (i.e., a rating response of 3 or 4) by the caregiver on those prima-
rily sensory feedback items at levels three and four (Table 2) would be a very worry-
ing signal suggesting the possible existence of movement participation problems for the
child.
Limitations of Study and Implications for Future Research
These findings support the idea that the newly revised CAMP can be used as a valid
measure of movement participation problems at home and that the total score of the CAMP
is an appropriate indicator of difficulties in movement participation. However, further
research is necessary to improve the instrument’s clinical utility.
The mismatch found between caregivers’ evaluations and professional judgments on
some sports-related items, as in Item 6 “uses rackets”, Item 24 “sport games” and Item 30
“ball games”, raises a concern about the validity of the caregivers’ responses on these items.
Further investigation needs to be made to compare the CAMP and the MABC scores with
adjusted ball skills’ scores. If the sports items are confirmed to be less valid, the content of
the CAMP will need to be further revised to limit the items to those movement activities
observable at home only. For instance, when Item 35 “seldom wins in competitive games”
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is rated 1, it actually means that “it is rarely seen that the child seldom wins …”; and when
rated 5 (or 4 after collapsing the categories), it means “it is frequently seen that the child
seldom wins …”. It is possible that users may mis-interpret the meanings of the ratings in
this item. Therefore, further validation is necessary.
Each instrument has its own limitations, sensitivities and specificities in identifying
DCD cases. Therefore, the CAMP should be investigated alongside other professionally
administered instruments such as the Bruininks–Oseretsky Test of Motor Proficiency
(Bruininks, 1978) to ensure that the identified group for DCD on the CAMP comprises as
many true positive cases as possible. Also, it is recommended for future research that a
larger sample of true DCD cases be recruited.
This research was carried out in a Hong Kong Chinese population. Confirmation of
these findings when the CAMP is used in other countries or with other ethnic groups will
be important for further refinement of the CAMP’s content, structure and interpretation.
In addition to cross-cultural and cross-gender validity studies, contrast group validity
studies recruiting samples of children having various co-morbid diagnoses such as atten-
tion-deficit disorder and specific learning disability should be undertaken. These diagnos-
tic groups have been found to have a higher risk of having DCD although the
homogeneity of its manifestation between groups is being questioned (Jongmans, Smits-
Engelsman, & Schoemaker, 2003; Landgren, Kjellman, & Gillberg, 1998; Rasmussen &
Gillberg, 2000).
The present study did not report the socioeconomic status of the caregivers. This
additional information might improve the depth of our interpretation of the reliability of a
caregiver-proxy design. A multiple source approach should also be considered for future
research that investigates this instrument. For example, teacher-rated data could be
collected to investigate any possible rater bias from use of the caregiver-proxy design.
Specifically, the CAMP could be correlated with the teacher-rated checklist of the MABC
designed to assess movement behaviours in a school context (Henderson & Sugden,
1992). Moreover, additional convergent validity studies should be conducted involving
other parent-proxy measures of a similar construct such as the parent-proxy Developmen-
tal Coordination Disorders Questionnaire, which was developed to measure coordination
in older children between eight and 14.5 years of age (Wilson, Dewey, & Campbell,
1998).
Last but not least, the use of a cross-sectional design in the present study implies that
the responsiveness of the CAMP to changes in status over time has not been assessed.
Specific movement participation tasks in which a particular child is found to be deficient
(having a score of 3 or 4) can be identified by using the CAMP. Training programmes that
focus on those specific movement task items should be designed. By modulating the
degrees of sensory feedback, environmental stability and context variability that the task
requires from the child, different levels of task difficulty can be drawn. Using the task hier-
archy as a guide, the child can learn by moving systematically through each training level
from simple to complex. In this way, the clinical validity and utility of the instrument in
longitudinal applications can be explored further. Once the clinical utility of the CAMP is
confirmed by the above suggested studies, it can be recommended for use during routine
screening of well children in primary-care settings.
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